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Abstract
Jae, Jin, and Tang have proposed to measure the helicity of a fragmenting
quark by using the angular distribution of pion pairs in a region where − 
interference is important. I demonstrate that, independently of nal-state
interactions and interference eects, such an eect is forbidden by parity
invariance.
It is interesting to nd observables constructed from the nal state of a jet that can be
used to measure the polarization of the quark (or gluon) that initiates the jet. Nachtmann
[1] was the rst to show how to probe the helicity of a quark by measuring a three-particle
correlation. See also later work by Goldstein [2] and by Einhorn [3]. A version of this
correlation was later called \handedness" by Efremov, Mankiewicz and To¨rnqvist [4]. After
that, Heppelmann, Ladinsky, and myself [5] showed that the transversity of a quark is
probed by a two-particle correlation. A full QCD factorization theorem with evolution for
the fragmentation functions applies in all these situations [6].
It was clear to the above authors that parity invariance of the strong interactions requires
that one must use a angular distribution of at least three particles to measure a quark
helicity. A distribution involving only two particles can probe a quark’s transversity but not
its helicity. One can use one less particle [7], but only provided that one uses also information
on the distribution of the particle(s) in transverse momentum relative to the jet; eectively
the momentum of the jet takes the place of the momentum of one of the observed particles.
However, Jae, Jin, and Tang [8] have recently proposed that a two-particle measurement
suces to probe quark helicity, provided that one is in a region of interference between s
and p waves. They do not use information on transverse momentum distributions.
I will now show that their method cannot work; it is prohibited by parity invariance.
My argument allows arbitrary nal-state interactions that are compatible with leading-twist
factorization. This includes the interference eects that Jae, Ji, and Tang rely on.
Consider the spin asymmetry for deep-inelastic scattering in which two pions are detected
in the current fragmentation region:
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e+ p! e0 + 1 + 2 +X; (1)
and in which either the initial proton or the initial electron is longitudinally polarized. The
cross section considered by Jae, Jin, and Tang [8] is
d5
dx dy dz dm2 d cos 
: (2)
Here, x and y have their usual denitions, z = Ph  q=q2, Ph is the momentum of the pion
pair, m is its invariant mass, and  is the polar angle of pion 1 in the rest frame of the
pion pair. The axis for dening  is not explicitly given in [8], but it will be sucient to
dene it by boosting from the Breit frame along the direction of Ph and using this boost
direction as the axis.
The momentum and spin vectors dening the problem are shown in Fig. 1. There I use
the Breit frame, and the plane of the diagram is dened by the 3-momenta of the proton
and the pion pair. The pions themselves need not lie in the plane. To draw this picture, I
have assumed that it is the proton that is polarized.
To see that the helicity asymmetry is zero, consider a mirror reflection in the plane of
the diagram. This gives Fig. 2, which is the same as Fig. 1 except that spin of the proton
is reversed. In addition, the out-of-plane momentum components of the pions are reversed.
However this will not aect the values of any of the variables x, y, z, m2 and . Since
strong interactions are parity invariant, this implies that the cross section 2 is invariant
under reversal of the proton spin.
Thus the asymmetry proposed by Jae, Jin, and Tang is exactly zero. Their calculations
must be in error.
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FIG. 2. Mirror reflection of Fig. 1 in plane of diagram.
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